ABSTRACT. Under pathological conditions such as autoimmune encephalomyelitis or autoimmune uveoretinitis, many T cells infiltrate the central nervous system (CNS) and retina. Even in normal condition, a small number of T cells are detected in the CNS. However the characteristics of the T cells are not defined. To investigate the T cell characteristics in a healthy retina, the chicken and the embryo were observed by morphological and immunohistochemical methods. In the chicken retina, T cells were regularly detected, and the main subset was CD-8 + /γδ cells. Developmentally, CD positive cells appeared on embryonic day 13, and the constituent T cell repertoires became the same as in the chicken by embryonic day 17. Many T cell repertoires were detected on embryonic day 15 and 16. The present results confirm that the retina receives an immunological surveillance by T cells. The composition of T cells in retina is constructed after embryonic day 17. Many ganglion cells die in embryonic days 15 and 16. So the T cell subsets in these periods may involve in autoimmune diseases.
It has been considered that the central nervous system (CNS) and retina are immunologically privileged sites [3] . This concept is supported by the evidences that lymphoid cell lineage is not found under normal conditions, and that allograft rejection fails in the CNS [19] . However, immune responses within the CNS are found in some pathological conditions such as multiple sclerosis [21] and its animal model, experimental autoimmune encephalomyelitis (EAE) [28] . In these diseases, a considerable number of activated T lymphocytes infiltrate the CNS. Similar autoimmune diseases can be induced by injecting a chicken with myelin basic protein (MBP) [25] . The underlying mechanisms have been investigated, and the results indicated that the activated T cells break down the blood-brain barrier [15, 17] , and that the T lymphocytes in multiple sclerosis lesions are + CD-8 + T cells [16] . Developmentally and histologically the retina is an extension of the CNS. The same pathological features have been reported in the eye as in the CNS such as experimental autoimmune uveoretinitis (EAU), which is a T-cell mediated autoimmune disease [12] . The retinal glial cells express immune-associated surface markers [8] . The T lymphocytes in EAU are CD-4 + /T cell receptor (TCR) + T cells [7] . In immune reactions, T cells play important roles and are classified into repertoires based on their different functions such as antigen recognition, induction of antibody production (helper T cell) and cytotoxisity (cytotoxic T cell). In organs other than the CNS, T lymphocyte recirculation is known to play a critical role in immunological surveillance. The T lymphocytes develop and mature in the thymus, then enter the circulation and the peripheral organs after maturation. The generation of an immune response is initiated by antigen presentation, followed by recognition by antigenspecific T cells. As for immune responses in the CNS, the ability of antigen presentation is detected in the glial cells (astrocytes and microglia) and the endothelial cells of the retina and brain [17, 30, 32] . Since the activated T cells infiltrate into the CNS or retina after MBP injection, the antigen-specific T cells should be present in the normal animal. However, many authors detected a small number of T cells in the CNS of healthy control animals [13, 14, 21, 28] , but the features of those T cells are not described. Thus, some fundamental questions about T cells in the CNS still remain. Where and how are naive T cells initiated against self-antigen such as MBP or retinal antigen of the CNS or retina, and how do the activated T cells initially recognize the antigen in the CNS?
Most T cells mature in the thymus, and are selected by their reactivity against major histocompatibility complex molecules and antigenic peptides during the ontogenetic period. The T cells with strong self-antigen reactivity are eliminated by negative selection, but not those with weak reactivity [29] . During ontogeny or after birth, T cells emigrate into the peripheral tissues from the thymus. Such emigration patterns are well defined in the chicken, in which the thymocytes colonize peripheral organs in discrete waves [11] . Those T cells that escape negative selection in the thymus and/or show weak reactivity may be candidates for effecter cells in CNS inflammatory diseases.
To investigate the T cell characteristics in healthy animals and their embryos may provide clues to understand the processes of autoimmune diseases in the CNS and retina. For this purpose, the chicken is a useful subject because of the ease in handling the embryos and the wealth of information about T cells as described above. In the present study, we investigated the appearance of T cells, and detected their subpopulations and occurrence in the chicken and the embryonic retina.
MATERIALS AND METHODS
White Leghorn chickens and their embryos kept in our laboratory were used. Three chickens more than 2 months old were sacrificed by cervical exsanguination under anesthesia with diethyl ether. Three embryos from each embryonic day from 8 to 17 (E 8 to E 17) were decapitated. The eyes were removed and cut at the equator. The caudal hemispheres were fixed in cold periodate-lysine-paraformaldehyde solution buffered by 0.01 M phosphate (pH 7.4). The specimens were embedded in OCT compound and frozen in liquid nitrogen. Eight µm cryosections cut on a longitudinal plane containing the optic nerve head were prepared and washed in 0.1 M phosphate buffer (pH 7.4; PB). After incubation in 0.3% H 2 O 2 and 99% methanol for 1 hr, the sections were treated by the peroxidase-anti-peroxidase (PAP) method. In brief, the sections were dipped in primary antiserum for 18 hr at 4°C, followed by secondary antiserum and PAP for 1 hr at room temperature respectively. Between incubations, the sections were washed 3 times in PB and were finally incubated with 3,3'-diaminobenzidine containing 0.03% H 2 O 2 . Anti chicken CD-3, -4 and -8, and anti chicken TCR-1, -2 and -3 mouse monoclonal antibody (Southern Biotechnology Associates, Inc., Birmingham, U.S.A.) were used as the primary antiserum diluted 50 times in PB. Anti-mouse IgG goat serum as the secondary antiserum was purchased from Seikagaku Corporation (Tokyo, Japan), and mouse peroxidase-anti-peroxidase complex was from Jackson Immunoresearch Lab., Inc.(Pennsylvania, U.S.A.).
The eyes of the same chickens and embryos as above were fixed in a 2% paraformaldehyde and 2.5% glutaraldehyde mixture in PB for 2 hr at 4°C. The specimens were cut into small pieces, and postfixed with 1% OsO 4 for 1.5 hr at room temperature. After dehydration with a series of alcohol, the pieces were embedded in epok-812. Semithin sections were stained with 0.1% toluidine blue, and ultrathin sections were contrasted with uranyl acetate and lead citrate and viewed with a transmission electron microscope (JEM 1210, JEOL, Tokyo, Japan).
RESULTS
Under light microscopy of toluidine blue stained sections, lymphoid cells were found in the nerve fiber layer, and they were small and contained dark round or oval nuclei (Fig. 1) . The cells tend to locate at a vitreous site, but some were observed near the ganglion cells. Immunohistochemically, the number of cells with CD molecules and TCR was smaller than that of lymphoid cells in the toluidine blue stained sections. One to three positive cells were detected in each section, which was a plane containing the optic nerve head and anterior end of the retina.
In chicken retina, CD-3 positive lymphoid cells were found in all specimens (Fig. 2) . The positive cells were mainly found on the vitreous side in the nerve fiber layer. In the embryonic retina, no positive reactions were detected before E 10. The CD-3 positive cells were present in all periods after 12 days. The reactivity for CD-3 was weak on E 11 and 12, and became strong after E 13. After 17 days of incubation, the number and reactivity of CD-3 positive cells were the same as those of chickens (Fig. 2) . Positive cells in the optic nerve head and in the nerve fiber layer around the head were relatively numerous (Fig. 3) .
CD-8 positive cells were also detected at the same site as CD-3 positive cells, but in fewer numbers (Fig. 4) . CD-4 positive cells were rarely observed in the nerve fiber layer of chicken retina. In the same embryonic periods as the CD-3, CD-8 positive cells were observed, but CD-4 positive cells were only detected after E 16 (Fig. 4) . As for T cell receptors, only TCR-1 positive reactions were detected in chicken retina (Fig. 5 ). There were no positive reactions in other layers of the retina. Developmentally, the TCR expressions were later than the CD molecules. TCR-1 was detected after E 15. TCR-2 positive cells were appeared after E 15, and the reactions were not observed at E 17. Quite a few TCR-3 positive cells were detected only on E 15.
The appearances of CD molecules and TCRs in chicken and embryo retina were summarized in Table 1 .
Under transmission electron microscopy, characteristic lymphocytes were detected in retina (Fig. 6) . The cells were represented by chromatin rich small nuclei, small amount of cytoplasm containing a few cytoplasmic organelles, large round mitochondria, and a small number of rough endoplasmic reticula. After E 15 in the embryo and chicken retina, lysosomal granules with high electron density were frequently observed in the cytoplasm of the lymphocytes.
DISCUSSION
Recent observations suggest that the central nervous tissue is not an immunologically privileged site. There is a 
numbers indicate incubation days of embryo.
-: not detected in all specimens of each embryonic day and chicken. ±: detected in some specimens of each embryonic day and chicken. +: detected in all specimens of each embryonic day and chicken.
hypothesis that immature T cells can enter into the CNS [31] . Some authors directly demonstrated T cell entry into the CNS [13] and the retina [20] of the rat. They also showed that T cells appear even under normal conditions. Although the repertoires of T cells are defined in some pathological lesions, no information exists about T cells under normal conditions and developmental period. The present study showed that lymphocytes were morphologically detected, and that immunohistochemically CD-3 positive cells were apparently observed in both the chicken and the embryo retina. These results show that T cells regularly circulate in the normal retina of the chicken and embryo, although the number in small. During embryonic periods, at first the only T cell detected was CD-3 positive on E 11. In these early periods (E 11 and 12), the CD-3 positive cells were not observed in all specimens and their immunohistochemical reactions were weak, suggesting that the T cells on E 11 and 12 may be immature. In the chicken and embryos after E 13, CD-3 positive cells with strong reactivity were clearly observed. It is reported that the T cell progenitors colonize the thymus and peripheral organs in 3 discrete waves; E 6 to 8, E 12 to 14 and E 18 to 21 in the thymus [11] . The T cells appearance period (E 13) in the retina corresponds to the time of the second wave of progenitors in the thymus and is earlier than the first wave in the spleen and intestine (E 18 to 20).
In the avian immune system, large numbers of T cells express the γδ T cell receptor [26] , and two-thirds of the T cells in the spleen and intestinal epithelium express CD-8 [4] . The present immunohistochemical results for the chicken showed that the T cell receptor was only TCR-1 (specific for γδ T cell receptor), and that CD-8 positive cells were observed more frequently than CD-4 positive cells. It is suggested that the T cells in chicken retina are mainly CD-8 + /γδ T cells similar to those in the intestine and spleen. Developmentally, CD-8 positive cells were detected at the same time as CD-3 expression after E 13. The T cell receptors were observed after E 15 in the retina. This period of T cell receptor expression is similar to that in the other organs of the embryo [5, 9, 10] . The γδ T cell receptor was regularly observed after E 15, while the αβ (TCR-2 and -3) receptors were detected only on E 15 and 16. It seems that the CD-8 + /γδ cells are also the main T cell subset in the embryonic retina, and that their composition after E 17 is identical to the chicken. CD-4 positive cells appeared only on E 16 and 17, which was later than CD-8 positive cells. Since no CD4 + /γδ T cells have been described in the chicken [2] , the CD-4 + cells in the embryonic retina are CD-4 + /αβ T cells. The αβ receptors were detected on E 15 and 16, not in E 17 embryo and chicken retina. We cannot offer any adequate explanation for this. The time of the first wave of αβ T cell progenitors colonizing the spleen and the intestine is around E 18, and the second and third waves continue after hatch [11] . Thus, the CD-4 + T cells in the retina on E 17 may be immature T cells originating from the first thymocyte emigration wave.
During E 15 and 16, T cell repertoires were enriched in the retina. In addition to the CD-8 + /αβ cell is helper T cell producing cytokines [2] . Electronmicroscopical observations showed that some of the lymphocytes in embryo retina possessed lysosomal granules, which indicate the cytotoxic function of the cells. It is possible that these T cell repertoires during E 15 and 16 are involved in ganglion cell death and in removing the cell debris. Developmentally, excess ganglion cells are dead by around E 16 [24] . It is tempting to speculate that some of the CD-4 + /αβ cells on E 16 may activate to the ganglion cell elements including MBP and provide help to other kinds of T cells (CD-8 + /γδ and CD-8 + / αβ). A certain percentage of the activated T cells may remain as memory T cells, which possess reactivity to MBP in adulthood.
In general, lymphocytes proliferate and mature in the thymus. According to the clonal selection theory [1] , a great diversity of lymphocytes is generated, and the self-antigen reacting lymphocytes are eliminated by negative selection in the thymus before migration to the peripheral organs [29] . On the other hand, the extrathymic development of γδ T cell has been reported in the intestine of the mouse [23] . Cooper et al. [6] reported that the γδ T cells migrate quickly from the thymus without undergoing clonal expansion in the chicken. The present study indicated that cells with weak immunoreactivity against CD-3 appeared at early periods (E 11 and 12) in the retina. Some of these immature T cells are thought to be naive lymphocytes capable of recognizing self-peptides.
The T lymphocyte infiltration of the brain and retina occurs in some pathological conditions, e.g., multiple sclerosis, experimental autoimmune encephalomyelitis (EAE) [22] and experimental autoimmune uveoretinitis (EAU) [21] . In both the EAE and the EAU, activated T cells infiltrate via the blood vessels into the CNS and retina. During the pathogenesis of EAU in the rat, endothelial cells of the retinal blood vessels express class II MHC antigen [17] and show morphological changes [18] . Unlike rat retina, the chicken retina is composed of avascular tissue, so that there are no blood vessels on its vitreous surface. The retina is nurtured by blood vessels in choroids and in the optic nerve head, which supply blood to the pecten. Our present observations revealed many lymphocytes around the optic nerve head, and immunohistochemical positive reactions were also detected. This suggests that the T cells in the retina emigrate through the blood vessels in the optic nerve head.
